When the active filterable virus of poliomyelitis is injected into the blood of monkeys, infection and paralysis almost never follow even when the quantity of virus introduced is very large. The reason assigned for the non-infectiousness of the virus under these conditions, compared with the remarkable activity displayed by it when brought into immediate proximity with the central or even the peripheral nervous organs, is the inability of the virus to pass the barrier of the choroid plexus and the blood vessels of the central nervous system. Flexner and Amoss 1 have shown in several series of experiments that when sterile irritating chemical substances are introduced from without and by lumbar puncture into the subarachnoid space, the injury inflicted upon the choroid plexus and blood vessels of the meninges and possibly those of the central nervous organs also, facilitates the passage of the virus from the blood into the nervous tissues under conditions leading to infection, paralysis, and death from poliomyelitic disease. Their experiments have led them to view the meningeal-choroidal complex as constituting in man a defertsive mechanism against infection with the virus of poliomyelitis.
According to this view, disturbance of the integrity of the defensive complex arising from any cause would predispose to infection with the virus, provided the disturbance synchronized with the wide distribution of the virus, such as is believed to be the case during epidemics of poliomyelitis. T h e experiments of Flexner and Amoss have indicated that the qualitative changes in the meningeal-choroidal com-1 Flexner, S., and Amoss, H. L., J. Exp. Meg., 1914, xx, 249; 1917, xxv, 525. Amoss, H. L., and Eberson, F., ibid., 1918, xxvii, 309. 679 plex, permitting the escape of the virus from the, blood into the nervous tissues, maybe almost infinitesimally small. Thus the mere substitution of the cerebrospinal fluid of one monkey for that of another sometimes suffices to open this way. The structural alterations induced by this procedure must be so slight as to be regarded merely as molecular; and yet they have proved adequate to overcome the defensive mechanism. All the means employed up to the present to disturb the mechardsm may be regarded as organic in their effect. Moreover, they have always acted from without, in the sense that they have been brought into relation with the meningeal-choroidal complex through the medium of the cerebrospinal fluid already present in the subarachnoid space. The question presented itself whether a functional effect merely and acting, as it were, from within, might likewise open the way for the passage of the virus from the blood into the nervous tissues. A method was a: hand to test experimentally this possibility.
The cerebrospinal fluid is a secretion derived from the blood through the mediation of the choroid plexus. The secreting cells of the plexus exercise a highly precise discrimination in respect to the quality and quantity of the constituents taken from the blood and passed on to the subarachnoid space. The composition of the cerebrospinal fluid not only differs markedly from that of the blood, but dissolved drugs and bacteria and their toxic and other metabolic products present in the blood are capable of being excluded perfectly from the cerebrospinal fluid by the choroidal mechanism.
The stimulus on which the secretory activity of the choroid plexus depends has been shown by Dixon and Halliburton 2 to be a hormone contained within the choroid plexus and to a less extent in the brain substance. The liberation of this hormone into the blood is the precursor to and regulating medium of the choroidal secretory activity, through which the cerebrospinal fluid is elaborated. By increasing experimentally the quantity of the hormone within the blood the amount of cerebrospinal fluid secreted within a unit of time may be increased. Dixon, W. E., and Halliburton, W. D., J. Physiol., 1910, xl, p. xxx; 1913-14, xlvii, 215; 1914, xlviii. 128. This phenomenon provides, therefore, a means by which the choroid plexus may be stimulated from within and made to perform its secretory function in an intensified manner. It furnishes a simple method for determining whether merely increased functional activity, independent of structural or organic alterations, suffices to open the w.ay for the passage of the poliomyelitic virus from the blood into the central nervous organs under circumstances leading to infection. The experiments to be described were carried out to determine this point. The procedure followed for preparing and injecting the extract of the choroid plexus was closely modelled on that of Dixon and Halliburton. These investigators found that an intravenous injection of a saline extract of the choroid plexus, after a delay of a few seconds, causes the cerebrospinal fluid to flow actively for a variable time, after which the flow ceases gradually. The second injection produces little or no effect unless the intervening interval of time is about 10 or 15 minutes.
EXPERIMENTAL.
The starting-point of our experiments was a repetition of the decisive experiments of Dixon and Halliburton. The first step was the preparation of an extract of the choroid plexus. 1 gin. of the dried plexus was ground up with clean sand in a mortar in 100 cc. of isotonic saline solution. The suspension was filtered and the filtrate employed for injection. 5 cc. of the filtrate caused a marked increase in the flow of cerebrospinal fluid in a dog weighing 12 kilos. Extracts of the fresh plexus give an equivalent result, and boiling does not destroy the activity. The active substance is, moreover, soluble in dilute and absolute alcohol. An extract of the brain is less active than one of the plexus. Material from the dog, sheep, or ox may be employed. Dixon and Halliburton, who established these points, express the view that some product of the brain's metabolism passes to the choroid plexus and this hormone stimulates to activity the secreting epithelium covering the plexus. They also discuss the possibility of the hormone's originating in the choroidal epithelium and passing secondarily to the brain tissue. They incline to the first alternative.
Preparation of the Choroid Extract. Isotonic.--Plexuses removed from the fresh brains of sheep under sterile conditions are washed free from blood in sterile saline solution, dried between filter paper, weighed, made up to 1 per cent suspension in isotonic saline solution, ground with sand, and filtered.
Hypertonic.--The same steps are followed except that 10 per cent of the dried plexuses are suspended in 8.5 per cent saline solution. The stock solution is then diluted 1 part to 9 of sterile distilled water before injecting. The filtering of the viscous mixture, which is a slow process, may be substituted by rapid centrifugalization. The clear supernatant fluid is removed and diluted as indicated.
Preliminary Tests.
The technique of the experiments was perfected on dogs in accordance with the method devised by Dixon and Halliburton. A single protocol is appended to illustrate a successful experiment.
Oct. 22, 1917. Dog; weight 12.5 kilos. Anesthesia: chloroform, morphine, and urethane (subcutaneous). Subcerebellar cistern punctured. After the first rapid rush of cerebrospinal fluid was over, the flow was measured in drops per minute and total volume for 10 minutes. In this animal the first rapid escape was 8.2 cc. The slower flow is divided into three 10 minute periods: (a) before injecting extract and (b) (c) after injecting two separate quantities of the extract into the left femoral vein. The effect of the choroidal extract is observed after each injection, but not so markedly after the second injection.
The preliminary test on monkeys was even more satisfactory. The extract was injected into the basilic vein of a Macacus rhesus in an amount of 10 cc. in an animal weighing 3.5 kilos, without producing an observed ill effect. Two protocols of preliminary experiments on monkeys are given. The deduction from the three preliminary experiments is to the effect that the choroidal extract which we prepared and employed was an active one. There is another point which may be mentioned here. In order to obtain the "stimulating effect of the extract, it would appear that the animals need to be in good condition. Two monkeys in an advanced stage of tuberculosis showed no effect from the injections.
Experiments with Choroid Extract.
In carrying out experiments with the extract, the quality of the virus is of prime importance. It must be of such a degree of activity that it will not itself induce infection by simple intravenous injection, and yet it must be active enough to cause infection under conditions in which it is enabled to pass the choroidal-meningeal barrier. The importance of this consideration is illustrated by the first protocols. This experiment is wholly inconclusive as to any promoting effects of the choroidal extract after an intravenous inoculation of the virus. Since the virus was of so high a degree of activity as to induce a fatal infection in the control monkey, the occurrence of paralysis in the other two animals was to be expected. Moreover, a comparison of Monkeys C and D suffices to dissipate any notion that the choroida] extract might have the effect of minimizing the action of the virus since Monkey C partially recovered from the paralysis. Indeed, this experiment is a pertinent illustration of the factor of individuality in affecting the outcome of an attack of poliomyelitis in the monkey, as well as in man. This factor of individuality appears even m o r e emphatically in the next experiment. Autopsy.--Lesions of poliomyelitis. Monkey F, Ma~acus rhesus. Treatment identical with that of Monkey E, except that no intravenous injections of choroidal extract were given after Oct. 30. This animal never showed any symptoms and was dismissed from observation on Nov. 19, at which time it was perfectly well.
Experiment/.--Control
T h e only deduction from this experiment is to the effect t h a t the virus was sufficiently active to cause infection and paralysis in two of three m o n k e y s into which it was injected intravenously while a third m o n k e y was sufficiently insusceptible to resist its power of inducing infection. The choroidal extract probably played no essential p a r t in the results.
In order to determine directly whether the choroidal extract exercised a restraining influence on the d e v e l o p m e n t of the infection the next experiment was performed. Autopsy.--Healed lesions of poliomyelitis.
It is obvious that the course of the infection was practicalTy identical in these two animals, and no inhibitory effect of the choroidal extract can be discerned.
Passing now to a virus which is incapable in the quantity employed of inciting infection from simple intravenous injection, we find that the injection of the choroidal extract does not change the results. The experiments recorded in this paper serve, in the first place, to confirm the experiments of Dixon and Halliburton on the stimulating effect of intravenous injections of extracts of choroid plexus in the secretion of the cerebrospinal fluid, and extend their observations to monkeys.
They bring out also the variable effects of the virus of poliomyelitis, variations affected by the quality of the virus and also by the individual powers of resistance to infection possessed by individual monkeys. These factors of variation must be taken into account in performing and interpreting experiments on infection and particularly those on immunity and specific therapy in relation to poliomyelitis.
In general it may be said that experimental infection by way of the blood is not easy to produce in monkeys unless some contributing factor, such as the existence of a coincident aseptic meningitis, operates at the same time. And yet Experiments 1 and 2 show that when the strength of the virus is great the injection of relatively considerable quantities suffices to induce infection and paralysis, but not in all instances.
The chief outcome of the experiments has been to determine the fact that when the intravenous inoculation of the virus does not in itself suffice to induce infection and paralysis, the intravenous injection of extracts of the choroid plexus, which in themselves excite the secretory functions which preside over the formation of the cerebrospinal fluid, is powerless to modify this result. This fact would seem to be of interest and importance, since it has already been shown that very slight structural changes in the meningeal-choroidal complex suffice to make possible or certain infection under these circumstances. Apparently mere augmentation, from time to time, of the secretory functions of the choroid plexus, through intravenous injection of an extract of the choroid plexus and while the virus is still circulating, is insufficient to insure passage of the virus from the blood into the nervous tissues, upon which infection depends. Neither does the augmentation exercise a restraining influence on the development of infection otherwise capable of taking place.
